The study aimed to uncover the risk factors for the new defined pancreatic fistula (PF) and clinical related PF (CR-PF) after pancreaticoduodenectomy (PD) surgery and to evaluate the medico-economic effect of patients. A total of 412 patients were classified into two groups according to different criteria, PF and NOPF according to PF occurrence: CR-PF (grades B and C) and NOCR-PF (grade A) based on PF severity. A total of 28 factors were evaluated by univariate and multivariate logistic regression test. Hospital charges and stays of these patients were assessed. The results showed that more hospital stages and charges are needed for patients in PF and CR-PF groups than in NOPF and NOCR-PF groups ( < 0.05). The excessive drinking, soft remnant pancreas, preoperative albumin, and intraoperative blood transfusion are risk factors affecting both PF and CR-PF incidence. More professional surgeons can effectively reduce the PF and CR-PF incidence. Patients with PF and CR-PF need more hospital costs and stages than that in NOPF and NOCR-PF groups. It is critical that surgeons know the risk factors related to PF and CR-PF so as to take corresponding therapeutic regimens for each patient.
Introduction
Pancreaticoduodenectomy (PD) is performed for treatment of patients with benign and malignant pancreatic and periampullary diseases. Despite improved surgical technique and postoperative care, the mortality of PD is high with mortality rate up to 30%, due to its complex and challenging surgical procedure and high incidence of postoperative complications [1] [2] [3] [4] .
Pancreatic fistula (PF) is the one of the most frequent complications of PD and occurs when pancreatic anastomosis fails to heal during surgery [5, 6] . A definition and clinical classification of PF were proposed by the international study group of PF (ISGPF) in July, 2005 [1] . PF is defined as either a measurable drainage from an operatively place or a continuous placed percutaneous drain with amylase at least 3× normal serum activity 3 days postoperatively. The ISGPF classified the PF severity into grades A, B, and C based on the symptoms and treatment demand: grade A of PF is transient, asymptomatic fistulas, just with elevated drain amylase levels; grade B is clinical apparent fistulas that need diagnostic assessment and therapeutic management; grade C is severe and requires major deviations in clinical management. Patient, who is diagnosed as grades B and C, develops a clinical relevant PF (CR-PF).
The treatment of PF with an incidence ranging from 9.9% to 28.5% [7] will no doubt prolong the postoperative recovery time and hospital stays and elevate the hospital cost and mortality of PD patients. Recent literatures have suggested that many factors could influence PF after PD, such as age, sex, operative time, anastomotic technique, intraoperative blood loss, remnant pancreas texture, use of somatostatin, jaundice, and surgeons experience [3, [8] [9] [10] [11] [12] . However, the research about if these risk-related factors have impact on the new defined and classified PF was relatively deficient. To evaluate the potential risk factors for PF and CR-PF patients after PD and to further access the medico-economic consequences of these patients, we collected data of 412 
Materials and Methods

Patient Selection and Characteristics.
Data of consecutive patients who underwent PD surgery at our hospital between January 2007 and June 2014 was collected in our study. Patients were excluded if (a) they had incomplete information; (b) they performed entire pancreatectomy; (c) they died during the PD operation or after operation within 3 days. According to these exclusion criteria, 34 patients were excluded.
Medical records of included patients were entered into a database, including gender, ages, body mass index (BMI), smoking status, alcohol drinking status (excessive drinking or not: excessive drinking is defined blood alcoholicity of more than 0.08), preoperative complications (such as coronary heart disease: this disease was determined by confirmed history of myocardial infarction, angina, or coronary revascularization), pathological diagnosis, diseased region, operative duration, amount of intraoperative bleeding, amount of intraoperative blood transfusion, residual pancreatic texture, pancreatic duct diameter, biochemical index in pre-and postoperation, volume of abdominal drainage, amylase content in abdominal drainage, postoperative regimen, and hospital stays and hospital charges. These patients with the occurrence of PF were grouped into PF. The rest of PD patients without PF the occurrence of were defined as NOPF and grouped into NOPF. CR-PF was defined as PF patients diagnosed as grade B fistulas and grade C fistulas that needed clinical intervention, and NOCR-PF were defined as non-PF patients and grade A PF patients that did not need clinical intervention.
Surgical Methods and Postoperative
Care. PD was performed with or without pylorus-preservation (PP) by either laparoscopic operation or laparotomy. The reconstruction of digestive tract was conducted by anastomosis including binding anastomosis to the jejunum, end-end invagination anastomosis, end-side invagination anastomosis, and ductmucosa anastomosis. Pancreatic duct stent was applied in some patients. One or two drainage tubes were placed at the anastomotic stoma of all surgeries.
Surgeons who performed PD operations ≥ 10 times per year were considered as professional, the others were considered as nonprofessional. Among all PD operations of our patients, 228 were performed by the professional surgeons and 184 were performed by unprofessional surgeons. Patients who had more than 300 mol/L total bilirubin underwent biliary drainage during the operation. Those whose serum albumin was less than 30 g/L in perioperative period were supplemented with albumin. Patients with hemoglobin less than 70 g/L in perioperative period were treated with transfusion. Some patients were treated with somatostatin after surgery. 
Results
Demographic Characteristics of PD Patients.
A total of 412 patients (260 men and 152 women) who underwent PD, with a mean age of 56 years (range from 22 to 79) undergoing PD between January 2007 and June 2014 were enrolled in our study. PF occurred in 126 (30.58%) of them, who were grouped into PF. The other 286 (69.42%) patients without the occurrence of PF were grouped into NOPF. Details regarding the characteristics of these patients were listed in Table 1 . Among PF patients, 52 were diagnosed as A grade, 58 were diagnosed as B grade, and 16 were diagnosed as C grade. There were no significant statistical differences in genders, age groups (<70 and ≥70), and BMI between PF and NOPF groups, as well as CR-PF and NOCR-PF groups (Table 1) . Unfortunately, 9 of them (2.18%) died after surgery.
Potential-Related Factors for PF.
Univariate logistic regression analysis showed that (Table 2(a)) there were significant associations between PF occurrence rates and patientrelated factors of excessive drinking ( = 0.029), coronary heart disease ( = 0.029), and preoperative albumin ( = 0.006). Among comorbidities, a history of cholangitis, cholecystitis, jaundice, hypertension, or diabetes mellitus was similar in PF and NOPF groups. Besides, the smoking habits, preoperative serum bilirubin, postoperative serum albumin, primary site of disease, pathologic diagnosis, and pancreatic duct diameter were also found to have no association with PF incidence.
Univariate logistic regression analysis of operative-and therapeutic-related factors in PF and NOPF groups was showed in Table 2 (b). There was no significant difference in PF rates between the preoperative biliary drainage treatment or not. Early jejunal nutrition, operative time, and use of somatostatin after PD were also found to have no correlation with PF rates. On the contrary, the pancreatic duct stent drainage methods, excision methods, anastomosis methods, intraoperative blood loss ( = 0.003), intraoperative blood transfusion ( = 0.000), pancreatic duct stent drainage ( = 0.000), excision methods ( = 0.016), methods of anastomosis ( = 0.005), intraoperative blood transfusion ( = 0.000), laparoscopic operation or not ( = 0.002), and professional group or not ( = 0.000) markedly influenced the rate of PF.
Independence Risk Factors for PF.
Based on the results of the above univariate analysis, additional multivariate analysis was performed for evaluating the independence of risk factors. As is showed in Table 3 , both the excessive drinking and coronary heart disease were proved to be the independent risk factors for PF with odds ratio (ORs) of 0.390 (95% CI = (0.210-0.724), = 0.003) and 0.324 (95% CI = (0.127-0.828), = 0.018), respectively. The preoperative albumin ( = 0.007) was significantly higher in the PF group than in the NOPF group (Table 3(a)). More intraoperative blood transfusion ( = 0.000) and harder remnant pancreas texture ( = 0.037) significantly reduced the PF risk. In addition, different methods of anastomosis, laparoscopic operation, and professional group were also included in the independent risk factors affecting PF ( = 0.026). Though pancreatic duct stent drainage and excision method were proved to be associated with PF in univariate analysis, the multivariate analysis showed that they were not independent risk factors ( > 0.05) (Table 3(b)).
Potential-Related Factors for CR-PF.
Univariate logistic regression analysis showed that (Table 3(a)) the patient characteristics such as cholangitis ( = 0.002), preoperative serum albumin ( = 0.000), and texture of the remnant pancreas ( = 0.013) were significantly related to the CR-PF. The other patient characteristics, for example, smoking, excessive drinking, cholecystitis, jaundice, coronary heart disease, hypertension, diabetes mellitus, preoperative serum total bilirubin, preoperative hemoglobin, postoperative serum albumin, primary site of disease, pathologic diagnosis, and diameter of pancreatic duct, had no influence on CR-PF occurrence (all > 0.05).
The operative and therapeutic risk factors such as intraoperative blood loss ( = 0.004), intraoperative blood transfusion ( = 0.002), pancreatic duct stent drainage ( = 0.007), and professional group were associated with an increased incidence of CR-PF ( = 0.000), while the left factors were found to have no significant association with the risk of CR-PF (Table 3 (b)).
Independence Risk Factors for ORPF.
When assessing the independent effect of the potential risk factors on ORPF occurrence in multivariate analysis, cholangitis, preoperative albumin, intraoperative blood transfusion, texture of the remnant pancreas, and professional group or not were the significant associated factors (all < 0.05), whereas the effect of pancreatic duct stent drainage methods had no independent effect on ORPF.
Hospital Charges and Hospital Stays.
Mean hospital stays were shorter in the NOPF group and NOCR-PF patients than in the PF and CR-PF patients, respectively (Table 4) . By use of nonparametric test analysis, there were significant differences in hospital stays between PF and NOPF, as well as between CR-PF and NOCR-PF (both values were 0.000). The mean charges of the PF and NOPF patients were 56323.47 RMB and 83347.93 RMB, respectively, which exhibited significant difference with each other by text ( = 0.000). Similarly, significant difference was found between CR-PF and NOCR-PF groups as well ( = 0.001), with mean hospital charges of RMB 61339.84 and 81448.18, respectively.
Discussion
Effective management of PF has proven to be one of the most intractable challenges after PD surgery. Confront with this adversity, there has been a shift therapeutic regimen for management of PF, from a reactive "wait and see" to a proactive strategy that relies on early anticipation and timely prevention [9, 13] . However, this approach depended on assumption and prediction of the risk for PF development. In the present study, we collected clinical data of 412 patients in our hospital, analyzed the potential risk factors associated with PF and CR-PF, and evaluated the medico-economic effect on these patients. Our results showed that the excessive drinking, coronary heart disease, preoperative albumin, intraoperative blood transfusion, texture of the remnant pancreas, methods of anastomosis, laparoscopic operation, and professional group were independently associated with PF occurrence. Among these risk factors of PF, the preoperative albumin, intraoperative blood transfusion, texture of the remnant pancreas, and professional group were significantly and independently associated with CR-PF. Though history of cholangitis in patients was found insignificantly related with PF, it was one of the risk factors that affected CR-PF significantly.
Although risk factors for PF and CR-PF have historically been reported in the literature, their relevance in application has been hampered by definitions of fistula [14] . Actually, several studies have tried to identify the risk factors associated with the PF development and many risk factors have been proposed. However, only a few factors are independent factors of PF and they vary among different studies. In the present study, total occurrence rate of PF after PD surgery was 30.58%, which was slightly higher than previous results. The reason may be explained by the different definitions of PF. Though a normalized definition was proposed by ISGPF, the definition of PF might in some case not be specific, because it includes asymptomatic patients who are not clinically ill [6] . Therefore, the study of risk factors affecting grades B and C will be more meaningful in clinical practice.
Generally, PF risk evaluation begins in the preoperative setting, such as patient-related factors. In this study, we retrospectively analyzed the conditions of PF patients before PD surgery and found that the preoperative serum albumin, history of coronary heart disease, and excessive drinking were the independent risk factors associated with PF. With respect to CR-PF, the independent risk factors were preoperative serum albumin and cholangitis.
Albumin in serum has properties of maintaining normal plasma osmotic pressure [15] and acid-base balance [16] , antioxidant [17] , scavenging free radical [18] , and protecting microcirculation [19] . On the one hand, tissue edema caused by hypoproteinemia may lead to undesirable or anastomotic stoma healing and then increase the incidence of PF or CR-PF. On the other hand, the increased hypoproteinemia complications such as infection and diarrhea will influence the PF and CR-PF more or less.
There is evidence from the current literatures that cardiovascular disease is a risk factor for PF [20] , which was consistent with our findings, while the effect of coronary heart disease on CR-PF was not significant. The reasons why coronary heart disease would be associated with PF are not well understood. Perhaps the cardiovascular and cerebrovascular diseases are surrogate for decreased visceral perfusion result in anastomotic ischemia, or perhaps the related medications to such patients compromise anastomotic healing [21] . Therefore, the association between cardiovascular disease and PF should be well explained by reliable evidence from clinical outcomes.
Animal experiments and epidemiological studies have suggested that alcohol had toxicity to pancreas [22, 23] . It was proved to be an independent risk factor for PF occurrence in our patients undergoing PD. There are several hypotheses on the toxicity mechanisms of ethanol to pancreas. (a) The ethanol has toxic effect on pancreatic acinar cells and disturbs its metabolism [24] . (b) The accumulation of pancreatic stone protein induced by ethanol produces ulceration and inflammation of the ductules, and the ductule then leads to atrophy, insufficiency, and fibrosis themselves [25] . (c) The disorders such as sphincter of Oddi dysfunction caused by ethanol have a connection with stenosis of ductule and regurgitation of duodenal juice [25] . (d) Excessive drinking will destroy the essential minerals and induce the oxygen radical in vivo in human, which are harmful to pancreas [24] . We believe that the excessive drinking effect on PF will be closely related to its effect on pancreas.
One of the interesting findings in our research is that patients with cholangitis will be more likely to suffer from CR-PF than noncholangitis patients. Generally, mucosa in biliary ducts is congestive in cholangitis patients, especially in patients with obstruction of biliary tract. Edema and inflammation usually happen in pancreatic tissues when the bile duct enlarged by obstruction. Therefore, it is harmful to conduct the anastomosis and CR-PF is likely to occur. In addition, cholangitis is usually accompanied with increased bacteria in the bile duct. The increased intraductal pressure can lead to bacteria translocation or endotoxemia in these patients [26] , which may be another indirect factors affecting CR-PF occurrence.
The factors of pathologic diagnosis, texture of the remnant pancreas and diameter of pancreatic duct have been widely accepted as the related risk factors of PF [12, [27] [28] [29] . Logistic analysis of regression showed that patients with soft texture of the remnant pancreas had higher PF and CR-PF incidence than that in patients with hard texture. There Gastroenterology Research and Practice 7 are several explanations for this association. Firstly, a soft pancreas is more susceptible to injury and ischemia during operative dissection [29] . Meanwhile, exocrine function is usually preserved in the soft pancreas, leading to increased secretion of pancreatic juice and activation of proteolytic enzymes, which is more prone for PF development [30] . However, our data did not provide evidence to support pathologic diagnosis and diameter of pancreatic duct (≥3 mm and <3 mm) of influence factors for PF and CR-PF. The relationship between them needs more studies in the future.
Blood transfusion in response to blood loss is considered to be an immunosuppressive effect. In our study, the intraoperative blood transfusion was mainly caused by intraoperative blood loss, preoperative anemia, coagulation disorders, and so forth. Though our results showed that the intraoperative blood transfusion was the risk factor influencing both PF and CR-PF, the full impact of intraoperative blood transfusion is not well understood. Rapid blood loss, as well as anemia and coagulation disorder, may cause ischemia and poor healing of the pancreatic anastomosis, because of tissue edema from aggressive blood replacement in a "rebound" fashion [29] . In addition, other adverse effects such as complications of blood transfusion, disseminated intravascular coagulation, and hemorrhagic tendency during intraoperative blood transfusion may increase the risk of PF and CR-PF after PD surgery.
Hypertension has been noted as one of the risk factors in previous studies [31, 32] . They assumed that the pathophysiological effects of hypertension caused generalized atherosclerosis and therefore limited the microcirculation of the tissue. That will negatively affect the healing process of PD. However, in our study, we found no significant association between hypertension and postoperative PD. Therefore, we strongly recommended more studies to resolve these controversial results.
The PD surgery with laparoscope has been clinically applied since its first description by Gagner and Pomp [33] in 1994 [34, 35] . The multivariate analysis of 13 PD patients with laparoscope (PF: 10, CR-PF: 4) and 309 patients with laparotomy showed that more patients treated with laparoscope developed PF than that treated with laparotomy. Fortunately, the laparoscope treatment had no significant side effect on CR-PF. Limitations of this approach including inability to palpate the lesion, relatively narrow view, inaccurate location, and misestimates of tumor spread may be responsible for high PF occurrence. We believe that these limitations will be minimized as the experiential accumulation and technological improvement.
Other operative-and therapeutic-related factors such as treatment of residual pancreatic, application of pancreatic duct stent drainage, methods of anastomose, use of somatostatin after PD, and excision methods have suggested associating with the PF incidence [21, 32, 36] . Analysis of these factors in our study revealed that just anastomose methods were associated with PF. The binding anastomosis was proved to be superior to end-side invagination anastomosis, end-end invagination anastomosis, and duct-mucosa anastomosis, because of its less PF incidence. Instead of suture, binding anastomosis can definitely minimize the leakage by avoiding any pinhole through the closure [37] . Furthermore, binding anastomosis avoids the regurgitation of pancreatic juice by maintaining higher blasting pressure in jejunum than other methods [38] . However, this method was found to have no relationship with CR-PF.
Unquestionably, the complex and difficult PD operation is a challenge to surgeons. Therefore the skilled and experienced surgeons will be important factors related to PF incidence. In our study, the PF and CR-PF incidence after PD surgery in professional group were 3 and 5.7 times more than nonprofessional group, respectively. The high-volume surgeons were proved to have lower PF rate [39, 40] , probably due to more experience for surgeons. Therefore, it is necessary for training PD surgeons and establishing professional group in future.
Patients with PF, especially with CR-PF after PD surgery, usually have to prolong the hospital stages and pay more for external surgery than patients in NOPF or NOCR-PF group. Our study also showed more hospital stages and charges in PF and CR-PF groups than in NOPF and NOCR-PF groups. Future studies that address the charge and hospital stages are required, in light of the rapid increase of technology.
Conclusion
In summary, the excessive drinking, coronary heart disease, preoperative albumin, intraoperative blood transfusion (>600 mL), soft remnant pancreas, and laparoscopic operation were risk factors affecting PF incidence after PD. Binding anastomosis between remnant pancreas and jejunum can effectively reduce the PF incidence compared with the other anastomosis methods, such as end-side invagination anastomosis, end-end invagination anastomosis, and ductmucosa anastomosis. The risk factors such as cholangitis, hypoproteinemia, intraoperative blood transfusion volume (>300 mL), and soft remnant pancreas were significantly associated with CR-PF. Surgeons with more experience and profession can significantly reduce the PF and CR-PF incidence when they perform PD surgery. More hospital stages and charges in PF and CR-PF groups are needed than in NOPF and NOCR-PF groups. It is critical that surgeons know the risk factors related to PF and CR-PF so as to take corresponding therapeutic regimens for each patient.
